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The Beijing Spectrometer (BES) Collaboration has observed exclusive pair production of Ds 
mesons at the Beijing Electron-Positron Collider (BEPC) at a center-of-mass energy of 4.03 GeV. 
The D. mesons are detected in the rp1r+, K*° K+, and K° K+ decay modes; two fully reconstructed 
events yield the value (3.9 ~~:~ ~i:~)% for the D. branching fraction to rp1r. This is the first direct, 
model-independent measurement of this quantity. 
PACS number(s): 13.25.Ft, 14.40.Lb 
Many fixed target and e+ e- experiments have ob-
served inclusive production of D. mesons, and the 
branching fractions of many decays are known rela-
tive to the branching fraction to ¢1r, Bq,.,. [1]. How-
ever, subsequent estimates of absolute branching frac-
tions have required theoretical input. Either the normal-
ization has been based on an estimate of total D. pro-
*Present address: Stanford Linear Accelerator Center, Stan-
ford, CA 94309. 
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duction, or a theoretical estimate of the ratio r(DJ -+ 
¢e+v)fr(D+ -+ K*0 e+v) [2] and the measured DJ and 
D+ lifetimes have been used to relate Bq,.,. to B(D+ -+ 
K-1r+1r+) [3]. Published results for Bq,.,. [1] range from 
3.1 to 5.1 %, despite agreement among the measurements 
of B(DJ -+ ¢e+v)/ Bq,.,. (0.49-0.61) from which they are 
derived [3,4]. 
In the present experiment, a total integrated luminos-
ity of 22.3 pb- 1 was accumulated at c.m. energy 4.03 
GeV where D. pairs were exclusively produced in e+e-
annihilation. This energy was chosen since it is below D; 
threshold, and since the D • pair production cross section 
3781 © 1995 The American Physical Society 
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is predicted to reach a local maximum there (5]. It fol-
lows that if a D. meson decay is fully reconstructed in 
a given event, the recoil system must also correspond to 
the decay of a D. meson. Events for which only one 
D 8 decay is fully reconstructed are termed singly tagged, 
while those for which both decays are fully reconstructed 
are termed doubly tagged. For a particular decay mode, 
it follows that the relative rate of detection of doubly 
and singly tagged events provides a direct measurement 
of the absolute branching fraction which is independent 
of the value of the pair production cross section and the 
integrated luminosity for the experiment. This technique 
was first used by the Mark III experiment to measure ab-
solute D 0 and n+ branching fractions (6], and to set the 
first model-independent upper limit on Bq,1r (7]. 
At c.m. energy 4.03 GeV, the Beijing Electron-Positron 
Collider (BEPC) attains a peak luminosity of 6 x 1030 
cm-2 s-1 • Interaction products are detected in the Bei-
jing Spectrometer (BES), a conventional cylindrical de-
tector described in detail in (8]. A four-layer central drift 
chamber (CDC) just outside the beam pipe surrounds the 
interaction region and provides trigger information. Out-
side the CDC, the 40-layer main drift chamber (MDC) 
provides tracking and energy loss (dE I dx) information 
on charged tracks over rv85% of the total solid angle. 
The momentum resolution is apiP = 0.017y'1 +p2 (pin 
Ge vIc), and the dE I dx resolution is rv 11% for hadron 
tracks. An array of 48 scintillation counters surrounds 
the MDC and measures the time of Hight (TOF) of 
charged tracks with a resolution of rv450 ps for hadrons. 
Outside the TOF system, a 12 radiation length, lead-gas 
barrel shower counter (BSC), operating in self-quenching 
streamer mode, measures the energies of electrons and 
photons over rv80% of the total solid angle. Surround-
ing the BSC is a solenoidal magnet giving a 0.4 T mag-
netic field in the central tracking region of the detec-
tor. Three double layers of muon counters instrument the 
magnet flux return, and serve to identify muons of mo-
mentum greater than 0.5 GeV I c. End cap time-of-flight 
and shower counters extend coverage to the forward and 
backward regions. 
In defining candidate track combinations for the decay 
D. -t ¢1r, only the decay mode ¢ -t K+ K- was con-
sidered. Each of the three charged tracks was required 
to originate from within 1.2 em of the beam position 
in the transverse plane, and from within 15 em of the 
center of the interaction region along the beam direc-
tion. In addition, the polar angle, (}, was required to 
satisfy I cos 01 < 0.8 in order to ensure reliable tracking 
and barrel TOF information. The resulting dEjdx and 
TOF measurements were required to be consistent with 
the mass interpretation assigned to the track. Further-
more, a kaon (pion) assignment required Xk(1r) < x!(K)' 
where the x2 function combined the available dEjdx 
and TOF information for the track in question. Sur-
viving K+ K-1r± candidates were subjected to a one-
constraint (1C) kinematic fit requiring overall event four-
momentum conservation and that the unmeasured recoil 
system have the same invariant mass as the candidate 
three-track system. Candidates with a fit confidence level 
>1%, a K+ K- mass within 18 MeV of the nominal¢ 
nc:p~:(:J 
1.8 1.85 1.9 1.95 2 2.05 
Mass~ (GeV) 
FIG. 1. The distribution in qnr invariant mass, calculated 
using fitted momentum vectors, for candidates satisfying the 
lC fit described in the text at a confidence level greater than 
1%; the selection criteria on MK+K- and the helicity of the 
K+ in the tjJ rest frame have also been applied. 
mass, and I cos OKI > 0.25 (9] were retained. The re-
sulting distribution in ¢1r mass, calculated using fitted 
momentum vectors, is shown in Fig. 1, and exhibits a 
clear signal at the D • mass position. An unbinned max-
imum likelihood fit (10] to this distribution yields a D. 
mass value of 1968.7±0.6 MeV and a D. signal, N,p1r, of 
40.8±7.2 events. The curve shown in Fig. 1 corresponds 
to the fit result. 
The product of the cross section for D. pair produc-
tion, a Dt v;, and B</J11' is related to N ,P1r by 
(1) 
where t=q,1r is the efficiency for reconstructing D"t -t ¢1r+ 
with ¢ -t K+ K-, and J Cdt is the integrated luminos-
ity for the analyzed data set. The reconstruction effi-
ciency was estimated by Monte Carlo simulation to be 
8.14% (including B(¢ -t K+ K-)], and an integrated lu-
minosity of 22.3±0.9 pb-1 was obtained from the study 
of wide-angle Bhabha scattering events. Equation (1) 
then yields avt v; · Bq,1r = 11.2 ± 2.0(stat)±2.5(syst) 
ph. The systematic uncertainty contains contributions 
from the uncertainty in the integrated luminosity mea-
surement, from the sensitivity of the D 8 signal to quanti-
tative changes in the selection criteria, and from variation 
of the background parametrization in the fit to the data 
of Fig. 1. The present model-dependent world average 
for Bq,1r is 3.5±0.4% (1]; this, together with the above 
value of a· B,p1r, gives aDtD; = 320±56(stat)±81(syst) 
ph. This is significantly smaller than the predicted value 
at this energy (rv750 ph) (5]. 
The direct measurement of Bq,1r in the pre!lent experi-
ment requires, in addition to N,p1r, a measurement of the 
number of pair production events in which both D. de-
cays are fully reconstructed. If the search for such events 
were restricted to only the ¢1r decay mode, the values of 
N ,P1r, the reconstruction efficiency, and the world aver-
age for B</J11' (1] imply that fewer than 0.1 doubly tagged 
events would be expected in the present experiment [see 
Eq. (2) below]. It follows that additional D. decay modes 
must be incorporated into the analysis in order to signif-
icantly increase the probability of obtaining a nonzero 
result. For this reason, the decay modes D"t -t K*° K+, 
K* 0 -t K-1r+, and Dt -t K° K+, K 0 -t K. -t 7r+7r-
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are included in the search for doubly tagged events [11]. 
The expected number of doubly tagged events, (N}, is 
then expressed in terms of Nq,'lr, and Bq,'lr as 
(N} = [uv.+ v.- Bq,'lr] (J .C dt) Bq,'lr L: bibjEii + Nbg 
= 2N<f>7r · Bq,'lr · L: bibjEii + Nbg 
€<f>7r 
= K • Nq,'lr · Bq,'lr + Nbg, (2) 
where Eq. (1) has been used to eliminate the explicit 
dependence on uv.+ v.- and the integrated luminosity, 
and the summation is over the six possible final states 
corresponding to the decay of either D 8 to 4nr, K*° K, or 
K° K. The factor Eij in the summation is the efficiency 
for reconstructing the D. -t mode i vs D. -t mode j final 
state, determined from Monte Carlo simulation, and the 
bi are the branching ratios B(D. -t mode i)JBq,'lr taken 
from [1]. The term Nbg represents the background level 
in the doubly tagged signal region, and the constant, K, 
which combines the detector efficiencies and branching 
ratios, has the value 1.14±0.04 for this experiment. 
In the search for doubly tagged D. events, charge-
balanced events with exactly six tracks were kinemati-
cally fit, subject to four-momentum conservation and the 
condition that the invariant masses of both candidate D. 
systems in an event be the same. Events with a fit con-
fidence level less than 0.1% were rejected. Tracks in the 
remaining events were required to have TOF and dE J dx 
information consistent with their assigned mass hypothe-
ses, and the K+ K-, K-1r+, and 7r+7r- submasses were 
required to be within 18, 50, and 20 MeV of the nominal 
values of the ¢, K*0 , and K 0 masses, respectively. Ad-
ditionally, the helicity angle of the K- from the decay 
of the K*0 was required to satisfy I cos8K•-+K7rl > 0.4. 
The mass distribution, calculated using the 5C fitted mo-
mentum vectors, for events passing the selection crite-
ria is shown in Fig. 2; two events lie in the signal re-
gion, which is defined to be within 6 MeV of the nominal 
value of the D. mass [12]. Table I compares the invari-
ant mass and resonant submasses of the doubly tagged 
candidates calculated using both 1C and 5C fitted mo-
mentum vectors; the 1C and 5C fits yield consistent re-
sults. As confirmation, the same two events were also 
selected by an analysis where the 5C fit was replaced by 
selection criteria applied to the overall momentum and 
±3cr 
Prob(X2) = 42% 
2 ----7 
Prob(X )= 2% 
0 1.8 1.85 1.9 1.95 2 2.05 
5-c Fit Mass for n;n~ Candidates (GeV) 
FIG. 2. The distribution in candidate D. invariant mass, 
calculated using fitted momentum vectors, for the events 
which satisfy the 5C fit described in the text at a confidence 
level greater than 0.1%; the 1C fit masses corresponding to 
the events in the D. signal region are given in Table I. 
Event 
cfnr vs 
K 0 *K 
K 0 *K vs 
K 0 *K 
TABLE I. Doubly-tagged Dt D; events. 
Using 1C fit 
momentum vectors 
D • mass Resonant 
sub mass 
(MeV) (MeV) 
1969 1014 
1963 847 
1968 876 
1962 915 
Using 5C fit 
momentum vectors 
D. mass 
(MeV) 
1968 
Resonant 
sub mass 
(MeV) 
1012 
853 
1967 875 
918 
to the energy of each D. candidate. The background 
level in the signal region was estimated to be 0.1-0.3 
events using the nonsignal regions in the mass distribu-
tions resulting from the kinematic fit (Fig. 2) and the con-
firming analysis. Additionally, Monte Carlo generated 
e+ e- -t D*+ D-' D*0 D 0 ' D*+ D*-' and D*0 D*0 events 
were analyzed using the full kinematic fit procedure and 
gave an estimate of 0.1 background events in the signal 
region. Combining these results, the background level in 
the D. signal region, Nbg, was conservatively estimated 
as 0.2±0.2 events. 
The value of Bq,'lr corresponding to two events in the 
signal region was obtained by means of a maximum like-
lihood fit. The likelihood function, L(Bq,'lr, Nq,'lr ), was 
constructed from Eq. (2) with Nbg = 2 using a Pois-
son distribution to describe the number of doubly tagged 
events and a Gaussian distribution to describe the singly 
tagged sample: 
(3) 
where Nobs is the measured number of doubly tagged 
events (Nobs = 2), and Nq,7r,obs ± uq,'lr is the result of 
the fit to the number of singly tagged events (Nq,7r,obs ± 
uq,'lr = 40.8±7.2). The value of the likelihood function is 
marginalized by integrating over N </>'~<, 
(4) 
and it is shown as a function of Bq,'lr in Fig. 3. The maxi-
mum likelihood solution is Bq,'lr = (3.9 ::::i:~)%, where the 
-g 0.25 ~~,#~=. 0 0.2 : ~:~~j ~ 
0 0.05 0.1 0.15 0.2 0.25 
B<lm 
FIG. 3. The variation of the marginalized likelihood func-
tion described in the text with B.p"'; the dashed lines corre-
spond to the ±1u statistical error estimates. 
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TABLE II. Contributions to the systematic error on B</>7r· 
Quantity 
Selection criteria 
,. 
Nbg 
N</>7r (systematic uncertainty only) 
Total 
Error on B¢7r (%) 
+1.5 -0.4 
+0.1 
+0.5 
+0.9 
+1.8 
-0.1 
-0.4 
-0.9 
-1.1 
statistical errors are obtained by integrating the function; 
the area under the curve between the peak value and the 
-10" ( + 10") value corresponds to 68.3% of the total area 
below (above) the peak position. 
The systematic uncertainty in Bq,1r has contributions 
from the uncertainties in the background level, Nbg, in 
the detector efficiencies and D 8 branching ratios com-
bined together in ,..,, in the number of singly tagged D 8 
mesons, Nq,1r, and in the sensitivity of the value of Bq,1r 
to the selection criteria. These contributions are summa-
rized in Table II. After combining the systematic errors, 
the final result for Bq,1r obtained in this experiment is 
Bq,1r = [3.9 !~:~(stat) !t~(syst)]%. 
In conclusion, the product of the D. production cross 
section at c.m. energy 4.03 GeV and the c/nr branching 
fraction has been measured by the Beijing Spectrometer 
(BES) Collaboration to be 11.2±2.0±2.5 ph. This result, 
when combined with the 1994 world average for Bq,1r, 
implies a D. pair production cross section a factor of 2 
smaller than expected [5]. Doubly tagged D 8 events have 
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been reconstructed, and the first direct measurement of 
the D. branching fraction to c/nr has been obtained: Bq,1r 
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